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Technology Need:

M etal contaminantsoccur insoil and groundwater at severa
mgor DOE dtes. Meds of concern include uranium,
chromium, lead, mercury, cadmium, arsenic, and barium.
Cost effective means are required to minimize the migration
of these toxic metds into groundwater systems that can
spread the contamination. The basdline method for
trestment of contaminated soil typicdly employs ex stu
technology, which is bothexpensive and fraught withsafety
chdlenges during excavation and handling. Competing in
situ technologies have proven so far to be extremely
difficult onalarge-scale, incapable of treating Some metas
(such as cesum, grontium) and are very high in cost.

Technology Description:

The Materids and Chemigtry Laboratory, Inc. (MCL) has
evaduated an in situ phosphate induced metd stabilization
(PIMS) process that uses Apatitell™, developed by Dr.
Judith Wright of PIMS NW, Inc. (U.S. patent no.
6,217,775), todabilize agueous metals and radionuclides.
Apdtite II™ is a commercially available form of apatite,
which isafamily of substituted cacium phosphate phases
that serves as the source of phosphate in this PIMS
process. Apadtite [I™, supplied by PIMSNW, Inc., isa
biogenic form of apatite, derived from fish bones, and is
relatively inexpensve.

The PIM Stechnology using Apatite 11™ will be deployed
ether ina permeable reactive barrier or with soil mixingto
effectastabilizationof the contaminantsof concern. PIMS
utilizes chemicd precipitation to modify the chemica form
of the meta in order to decreaseitssolubility in water and
render the modified metal compound immoakile in the soil
phase. Thisin turn may reduce the bicavailability and thus
the potentid toxicity of the metdl.

Some of the more frequently encountered metds of
concern, such as uranium, lead and cadmium, are known
to form highly insoluble phosphate sdts (minerd phases,
some of whichoccur naturally as geologically stable metal
ores). Severd other metals may aso be amenable to
PIMS. An economical means to provide a continuous
low levd of reective phosphate in situ is the use of
Apatitell™ , applied at |ow dosage as a soil amendment.

Propertiesthat makethe Apatite |l ™ product superior to
other phosphate minerds or their precursorsfor useinin
Situ chemicd stabilization of metd contaminants include
1) a high degree of carbonate ion subgtitution, 2) a low
degree of fluoride ion subditution, 3) no heavy metas
initidly present in the materid, 4) a poorly crystdline
sructure (which enhances the solubility of the apatite
phase, and thus the rate of phosphateionrelease), and 5)
a high degree of interna porogity. These physical and
chemicd propertiesmakeApatitel | ™ especidly reactive
with metal contaminants. The performance of Apatite
II™ has been compared to other more costly media
(induding zeolite, activated carbon, metal oxides and
other minerd phases, organic-basedionexchange media,
zero-vaent iron, etc.) for the remova of select-priority
toxic metals from solution phase. The gpatite medium
wasfound to be sgnificantly more effective for treetment
of the metaslead, cadmium, zinc, and uranium, especidly
inthe presenceof co-contaminants suchas nitrateionthat
interfered with sorption and ion-exchange treatment
mechanisms.

Ben€fits:

» Eliminates excavation: gpatite amendment may be used
to intercept contaminantsin a groundwater plume or soil
vadose zone, or to isolate a contaminant source without
the need for excavation.
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» Permitssubstantia cost savings. the potential cost savings
of in situ stabilization of metasis tremendous, compared
to excavation and leaching or landfill of soil or water, or
pump-and-treat technologies for groundwater. Cost
savings aso will be sgnificant compared to dternate in
situ treatment technologies.

»Allows for comparatively fast implementation times.
Status and Accomplishments:

Thisproject wasinitiated in September 2001 and isinthe
second phase of atwo-phased effort. During this project,
the PIM S approach, using Apatite 1™, isbeing eval uated
at the MCL’s fadility in Oak Ridge, TN. The study will
evauate the leeching of metas from contaminated soils,
with and without apatite amendment using batch tests and
columnstudies. Thisresearchwill utilize soil contaminated
withuraniumand metas fromanindudrid ste. TheTCLP
protocol will be used to initidly assess this leachability
potentid. In addition, leachability tests will be performed
udng de-ionized water, according to the protocol of
Beckwith (1964).

Soil column studies will be used to access the leachability
of uranium and selected metd's from the apatite-amended
s0il by percolating uncontaminated synthetic groundwater
through the columns. Thiswill be compared to the leach
rate of these contaminants from the untreated soil. The
release rate of soluble phosphate from apatite-amended
s0il will aso be monitored.

Soil columns will dso be used for contaminant
breakthrough studies to evauate the use of PIMS as an
permeable reactive barrier.  The metd of interest will be
supplemented intothe synthetic groundwater and fed to the
s0il column, and the column effluent will be collected and
andyzed. It is anticipated that breakthrough of
contaminant will be greatly retarded by the addition of
gpatite. If no contaminant breskthrough is observed for
the amended soil within the testing period, the distribution
of contaminant within the exposed column will be
determined by andysis of discrete longitudina sections
removed from the coumn. This data will support

migration-modding efforts.

This project has progressed through Phase I, which
included development of sorption isotherms for Apatite
based onbatchtegting withmetds insolution. Theresults
of the multiconcentration, muiti dement exposure study
indicated that the contaminants exposed to Apatite
passed the TCLP. Themetds tested included Pb, Cd,
Hg, and U. Column studiesunder Phase 11 are ongoing.
The contract end-date for this project is June 30, 2003.

Contacts:

Dr. William D. Bostick

Materids and Chemistry Laboratory, Inc.
Phone: (865) 576-4138

E-mail: whbostick@mdl-inc.com

Richard P. Bush

Nationa Energy Technology Laboratory
Phone: (304) 386-6426

E-mail: richard.bush@netl.doe.gov

Online Resour ces:

Office of Science and Technology, Technology
Management System (TMS), Tech ID # 3163
http://ogt.em.doe.gov/itms

The Nationa Energy Technology Laboratory Internet
address is http://www.netl.doe.gov

For additiona information, please vigt the Materiads and
Chemigtry Laboratory, Inc. website at
http://Mwww.mcl-inc.com

For additiona information on the PIM S process, please
vigt the PIMS-NW website at
http:/Avww.pimsnw.com
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